Summary.-The incidences of malignant melanoma recorded by 59 populationbased cancer registries were investigated to determine the effects of racial and skincolour differences. White populations exhibited a wide range of melanoma incidences and females commonly, though not invariably, had a higher incidence than males. Non-white populations experienced in general a much lower incidence of melanoma although there was some overlap of white and non-white rates. No predominant sex difference emerged among non-whites.
is a major cause of malignant melanoma and that melanin pigmentation protects against it. Further research is required to elucidate the aetiology of melanoma of the sole of the foot.
MALIGNANT MELANOMA is a tumour of the pigment-producing cells, the melanocytes, of the epidermis. The melanocytes transfer melanin granules organized into melanosomes to the surrounding keratinocytes, and skin pigmentation is almost entirely due to the concentration of melanin in these 2 cell types (Gates & Zimmerman, 1953) . The various races have similar densities of melanocytes (Szabo, 1967; Staricco & Pinkus, 1957; Mitchell, 1963 ) and the differences in colour reflect the differences in melanocyte activity (Wasserman, 1974) . However, it has been claimed that Caucasoids and Mongoloids differ from Negroids in the arrangement of the melanosomes within the keratinocytes (Szabo et al., 1969; Toda et al., 1972) .
UV radiation has been suggested as a major cause of malignant melanoma, because the incidence and mortality among Caucasians increases with proximity to the equator, where solar radiation is more intense (Lancaster, 1956; Elwood et al., 1974) . Further, it has been suggested for Caucasians that the increasing incidence of melanoma results from the increased exposure following changes in fashions of dress and sun-bathing (Lee & Yongchaiyudha, 1971; Magnus, 1973) . Melanin granules may exert a protective effect by absorbing UV, thereby preventing damage to the DNA of the melanocytes. Thus there is an increased susceptibility to melanoma among the more fair-skinned of Caucasians (Lancaster & Nelson, 1957; Gellin et al., 1969) , particularly among those of Celtic descent (Miyaji, 1963) . In contrast there have been several reports of a low incidence of melanoma among darkskinned races living in tropical latitudes (Oettle, 1966; Camain et al., 1972; Miyaji, 1963) .
Indeed many of the tumours among black Africans may be unrelated to solar exposure since they occur on the unexposed sole of the foot (Oettle, 1]966; Camain et al., 1972; MacDonald, 1959; Lewis, 1967; Fleming et al., 1975; Davies et al., 1968) . One study has reported that the tumours are most frequent on the weight-bearing areas of the sole, indicating that trauma is the important factor (Oettle, 1966) . Lewis (1967) observed that the distribution of the tumours corresponded with that of discrete pigment "spots", and suggested that the tumours occur frequently on the foot because the spots are also frequent there.
In contrast, Europeans experience a much lower frequency of melanoma on the foot; the majority of the tumours occur on the other body sites (Magnus, 1973; Lee & Yongchaiyudha, 1971; (Miyaji, 1963; Tansurat, 1963; Paymaster etal., 1971) .
The attractive idea that UV induces melanoma and melanin protects against it would suggest a clear relationship between skin colour and melanoma incidence; the incidence should be low among the darkest skinned or Negroid races, higher among the less dark Asians and highest among Caucasians. The majority of the published studies have been unable to make such comparisons because they have been based on selected clinical or necropsy series.
The present study is of the distribution of melanoma incidence among 74 different, populations, recorded by 59 populationbased cancer registries distributed throughout the world. The aim of the analysis was to determine the racial differences both in the incidence of melanoma and in the site 'istribution of these tumours on the body.
MATERIALS AND METHODS
Source and nature of data. All data were obtained from Waterhouse et al. (1976) . All the population sub-divisions made by the cancer registries recorded in this volume were analysed separately, with the exceptions of Israel, where only "All Jews" and "NonJews" were included, and of Norway, where the sub-divisions into "Urban" and "Rural" were excluded.
Incidenecs. Incidences expressed per 100,000 population and standardized by age to the World Standard Population (Segi, 1960) were used throughout this paper.
Site definitions. "Melanoma" refers only to malignant melanoma of the skin (ICD 172, 8th Revision). The grouping "All Sites" refers to ICD 140-209, excluding non-melanoma skin tumours (ICD 173), because not all registries record this site.
Latitude. The latitudes of the cancer registries w-ere taken from WJaterhouse et al. (1976) . Where the registry covered a range of latitudes, the average was taken.
RESULTS
A report of a study based on Volume II of the series Cancer Incidence in Five Continents suggested that in some cases high melanoma incidence may be related to a high incidence at all sites, but no formal analysis was presented to support this (MacDonald et al., 1973) . In fact there is a very strong relationship between the incidence (per 100,000 population) of melanoma and that of all sites (minus nonmelanoma skin tumours) among white populations, but not among non-whites (Fig. 1) . Regression analysis revealed that the trend among whites was highly significant (P < 0-001) and this must temper the conclusions drawn from the analysis of these data.
The incidence of melanoma among nonwhite males is low, whereas that of white males (those exclusively European or of European descent), although overlapping the non-white range, is generally much higher (Fig. 2) . Simnilar distributions were obtained for white and non-white female melanoma incidence. This is not due to the differences in the latitudes of the registries, since 38 of the 48 white populations live above 400 North, and 25 of the 26 nonwhite populations are within 400 of the equator (Waterhouse et al., 1976 The mean melanoma incidence among whites is 3-fold that of non-whites, a highly significant difference (Table I) . This difference could have arisen if the registries for whites were much more efficient at recording tumours than those for nonwhites. This is unlikely to be true because the all-sites incidence among whites is only 10% greater than among non-whites. The small racial differences which were observed in the all-sites incidence are not significant when males and females are analysed separately, but are just significant at the 5% level when the sexes are combined (Table II) .
White females had a noticeably higher mean melanoma incidence than white males. This difference is seen more clearly by recording at each registry the sex with the higher incidence (Table III) . In 35/48 of the white registries females had the higher incidence, a result which is significant (P < 0-01). The tendency for nonwhite males to have the higher incidence was not significant. The category of "non-white" is clearly unsatisfactory because of the heterogeneous nature of its members; much more useful information can be obtained by the sub-division into the racial groups shown in Tables IV and V. The incidence rates of these non-white populations are frequently based on very small tumour numbers (often less than 5) and are potentially very variable. Restricting analysis to those registries with large tumour numbers, and hence less variable incidence rates, would impose a selection bias. Fig. 3 shows that selecting registries by an increasing minimum tumour number produces a progressively higher mean incidence. These problems can be circumvented by using the assumption implicit in the calculation of a mean: that the registries of a group can be treated as samples taken from the same population. Thus one can combine the observed numbers of tumours and population sizes, by 5-year groups, to obtain the age-specific incidence rates for the composite population and hence calculate an age-standardized incidence rate. This method is only valid because of the well-defined nature of each registry's base population. One consequence of this method is that the contribution of each registry to the combined rate will be MEAN (Table IV) . A constant low incidence of melanoma was observed among the sub-groupings of Asian populations, with the highest incidence among the Chinese and the lowest among the Indians (Table IV) . In contrast, populations of African descent showed much variatiion, with the incidence low in North America and high in Africa. How- ever, all groupings of Africans had a higher incidence of melanoma than any group of Asians. No clear predominance of either sex among these racial groups emerges from these data, although the combined rate for all Asian males was nearly twice that of females.
The melanoma incidence rates and the latitudes of the African and Asian populations were also investigated using a nonparametric statistical test. Details of the distribution of the melanoma tumours among the 4 body regions (head and neck, upper limb, lower limb, and remainder) are available for only some of the registries for non-whites. The category "remainder" is difficult to interpret since it includes those tumours which are "site unspecified", the number of which may vary with efficiency of registration. However analysis of the data for the 3 sites "head", "upper limb" and "lower limb" reveals that virtually all the tumours among Africans occur on the lower limb, whereas among Asians tumours occur frequently on all body sites (Table   V) . (Table VI) . (Waterhouse et al., 1976) . The tendency for "white" registries with a low melanoma incidence to have a low all-sites incidence suggests that the efficiency of registration (of melanoma and all sites) may be sometimes low. This is unlikely to affect the conclusions drawn here. This study has revealed the wide range of melanoma incidence experienced by both white and non-white populations, at least some of which may be due to variation in efficiency of registration. The mean incidence among white populations was over 3-fold greater than that of nonwhites, supporting the suggestion that skin pigmentation protects against melanoma. However, as other authors have reported (MacDonald, 1959; Lewis, 1967) , solme non0-White p)optlIlations experieniced a relatively high incidence, so that skin colour may not be the only factor governing melacnoma incidence.
White femnales in genercal ha(l ac higher melanomla incidence than white mnales. This has been observed previously (Magnus, 1973; Lee & Yongchaiyudha, 1 971) and restults principally from the muclh higher incidence of melanomna on the female leg. It is suggested that this reflects differences in habits of dress rather tha,n a greater susceptibility among females.
Non-whites constittute a very heter ogeneous group, butt sub-division into more homogeneous groupings produced several groups with few members, so that conclusions must be drawn with care. When similar racial groups were combined it was found that the incidence among African populations was higher than among Asians, althotigh the registries of the 2 groups covered a similar range of latitude.
The tuimouirs among Africans were almost exclusively on the lower limb, and it is reasoncable to suppose that the majority of these will be on the foot, in view of the many stuidies which have found this (Oettle, 1966: C(amnain et Lewis, 1967; Fleming, et al., 1975 : Davies et al., 1968 . This has been observed both amonig blacks in the United States and those in Africa, although these populations may differ in their shoe-wearing habits. Oettle (1 966) suiggested that shoe-wearing was accompainied by a dlecrease in melanoma incidence, and, in support of this, in the present study revealed a hiigher incidence among those living in Africa, where shoewearing may be less frequent. However, in his study of several tribes ill Uganda, Lewis (1967) (Miyaji, 196:3;  Tansurat, 1963; Pringgoutomo & Pringgotutomo, 1963; Paymaster et al., 1971 The possibility that at least some of the melanoma among Asians is due to solar exposure is strengthened by 2 reports of a negative correlation between latitude and skin cancer incidence and mortality in Japan (Segi, 1963; Miyaji, 1963) . There is clearly much similarity between Asians and Caucasians, since the latter also experience a high frequency of tumours on other body regions than the foot (Magnus, 1973; Lee & Yongchaiyudha, 1971; Davis et al., 1966) and show a negative correlation between incidence and latitude (Lancaster, 1956; Elwood et al., 1974) . It is interesting that Caucasians and Asians are also similar in the arrangement of the melanosomes in the keratinocytes, and in the changes which occur in this distribution after UV exposure (Toda et al., 1972) . If Asians are susceptible to the solar induction of melanoma, customs of dress may be important, as with Europeans. It is thus possible that if the traditional allcovering dress of many Asian countries is replaced by the more revealing Western styles there may be a rise in melanoma incidence.
These observations suggest that among all brown-skinned races exposed to sunlight one would expect a low incidence of melanoma (compared to white populations at a similar latitude) and that the tumours should occur at all body sites. The somewhat limited evidence from other nonwhite populations fits these predictions. The consistently high incidence among South American Indians may be due in part to the large percentage of Portuguese and Spanish (i.e. white) genes in these populations.
This study has clearly demonstrated that the intensity of skin pigmentation is inversely related to melanoma incidence. This provides strong support for the 2 hypotheses that UV radiation is a major cause of malignant melanoma and that melanin pigmentation protects against this. Additional research is required to elucidate the aetiology of those tumours occurring on the soles ofthe feet principally among A fricans, but also among Asians.
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